Dynamic model updating is an effective means of damage identification, and surrogate modeling has attracted considerable attention for saving computational cost in finite element (FE) model updating, especially for large-scale structures. On the other hand, composite materials are very complex in terms of manufacturing and testing. Due to the manufacturing process, the properties of a component are very hard to control. As many damage detection methods are based on the comparison of intact and damaged plates, the definition of the intact plate must be clearly defined. This paper shows a methodology to define a frequency range to characterize a composite plate as intact structure. Using a model update process, with Kriging metamodel based on natural frequencies, the updated variables allowed to obtain the Frequency Response Function (FRF) by Finite Element Method (FEM). A set of five plates with a stacking sequence of [0/15/-15/0/15/-15]s were analyzed. The applicability of the methodology is presented using one of the known plates. The presented analysis shows that it is possible to make a preliminary study to improve the manufacturing design tolerances.
INTRODUCTION
Composite materials are becoming widely applied in the industry. Many times, as an alternative, to save weight on structural components. Employing this new kind of materials, it is necessary to develop new methodologies for maintenance. On the other hand, the study of structural dynamic behavior can give enough information to evaluate components and better planning the maintenance interventions [1] [2] [3] . On the way of combining the analysis of structural behavior with strategies to monitor the structure, several Structural Health Monitoring (SHM) [4] [5] . Dynamic analyses have shown high potential to evaluate damage on structures [6] [7] . Different methods have been already presented in the literature using natural frequencies and FRFs to detect damages on composite structures [8] [9] . Several damage detection methods assume that damages cause changes in the mass and stiffness matrix [10] . However, to make this assumption, it is necessary to have a good definition of the undamaged state of the component. A usual methodology is to proceed nondestructive testing on all the components, just before and after the manufacturing process in order to verify its state [11] . This is required because it is well known that the characteristics of a composite component are not easy to control. The manufacturing process has several variables that can affect the final properties of the component. Therefore, depending on the manufacturing process and the design tolerances for the structure, it is possible to define a method to provide information about the acceptability of the components based on a set of specimens, reducing the time and cost of the non-destructive evaluations.
Thus, in this work, the dynamic behavior of composite plates is evaluated in order to propose a methodology to allow a preliminary study about the acceptability of the intact state of a component. This is made based on the assessment of the structural dynamic behavior of a set of composite plates. To support this study, a numerical model is updated using a Kriging based methodology. Therefore, numerical and experimental results are used to compose a range of possibilities for the FRF that can be used to verify the state of other composite plates.
METHODOLOGY
The methodology consists of a hybrid approach using experimental and numerical data. First, a set of manufactured plates are analyzed, using modal analysis in order to get the natural frequencies and the damping factors. A range of natural frequencies is established based on the experimental data to represent a set of specimens. These experimental data are used as a reference to carry out a model update process, aiming to obtain the design variables that better represent the experimental data. Finally, using the updated design variables it is possible to obtain the FRF, which represents the entire set of composite plates. Therefore, these FRFs can be used to rank new specimens that have been manufactured with the same characteristics. In this work, a set of plates with a stacking sequence of [0/15/-15/0/15/-15]s is evaluated. The FRFs were obtained using lightweight structure accelerometers (Bruel & Kjaer model 352A24), the sensitivity of 102.34 mV/g, attached to the plates. An impact hammer PCB Model 0860C3 (Piezotronics) was used to apply the impulse signal, providing the required excitation on a wide frequency spectrum. The experimental set-up used in the experiments consists of a plate hanged by elastomer wires to simulate free-free boundary conditions. Accelerometer and the impact hammer are connected to an LMS SCADAS Mobile equipment controlled by the Test.Lab software (LMS Test.Lab). Figure  1 shows the complete setup used.
Evaluating the experimental data and defining the frequency range, the model update is applied to obtain the design variables. Thus, a strategy using metamodel Kriging is implemented aiming to reduce the computational time consuming of the model update process. This strategy consists of using few numbers of FEM (Finite Element Method) simulations to train the metamodel. After that, it uses only the metamodel in the optimization process, which is required to update the model. A detailed methodology used can be found in [12] . Experimental setup.
Achieved the updated design variables, the FEM simulation is used to obtain the FRF of the structure. The dynamic structure response is used to define the range of the intact plates. Finally, this range can aid engineers to detect out of tolerance structures and as a reference for the manufacturing process.
EXPERIMENTAL INPUT DATA
The intact plates have been submitted to modal analysis, and the natural frequencies were obtained. Table 1 Furthermore, Table 2 presents the minimum and maximum values for each mode. Those values were obtained using the experimental average and the standard deviation, which was chosen to exemplify the problem. 
NUMERICAL MODEL
Finite element models of the laminated composite plates are used to train the Kriging model, and also to obtain the FRF curves. Abaqus TM software and Python subroutines were used to build the computational models. Based on previous studies [13] , quadrilateral 8-node shell elements are used (defined as S8R5 -Abaqus nomenclature). In addition, 5640 elements and 8784 nodes are used to mesh the plate domain. This mesh size (3 mm) is defined after a refinement analysis to obtain the six first modes, considering the Nyquist theorem.
The numerical analyses are done considering quasi-free-free boundary conditions. In fact, the elastic wires have a very low stiffness (10 N/m). with fixed translation (Ux, Uy, Uz) and rotations (Urx, Ury, Urz) in the extremities non-attached to the plates. The excitation force is applied in the same position as in the experimental tests (Figure 2 ). The damping coefficients were extracted experimentally from all plates, using the Peak Picking method [13] . Table 3 shows the mean and the standard deviation of the damping ratios in terms of modes. 
KRIGING BASED MODEL UPDATE
A typical model update process consists of an optimization algorithm aiming to reduce the difference of the model results from the experimental results. Thus, the updated model is to obtain the design variables by using a FEM model, which returns the natural frequencies of the plates that better reproduce the experimental data. Therefore, a Particle Swarm Optimization (PSO) algorithm is used to search the most appropriate design variable values for each case. The strategy using the metamodel Kriging can significantly reduce the computational time of this process [12] . The model update is used to obtain the design variables that can result in the natural frequencies for the boundaries found in the experimental data. The design variables resulted from this model update process are presented in Table 5 . Figure 3 shows the convergence of the PSO for the two cases previously studied. 
FRF ANALYSES
The FRFs show the global dynamic response of the system, and they are very useful on dynamic analysis. From the design variables determined via Kriging model update, it is possible to use a numerical model via FEM to obtain the correspondent FRF. Using the maximum and minimum values, the range of FRFs is created, and it can be compared to the experimental data of the plates in order to evaluate the admissibility of a project. Figure 4 shows the FRF for the minimum and maximum limits obtained. It is possible to see that Plate 09 has a higher deviation than Plate 10. Calculating the percentage of the points in the limits, it is possible to note that Plate 09 has 33.28% of its points inner the limits, and Plate 10 has 48.16%. Despite this, looking only for the positive part of the FRFs, it is possible to note that 48.10% of the FRF from Plate 09 is in the limits, whereas Plate 10 has 74.2% of its points within the limits. In addition, looking to the graphic Plate 09 is always on the left of the boundary limits, meaning that this component has a lower stiffness. This could be resulted by some problem on the manufacturing process as a lower thickness, high concentration of resin or even cracks and delaminations. Therefore, Plate 09 should be not considered admissible to use as an intact plate in a monitoring system. It means that considering the tolerance of standard deviation from the analyzed set of plates, this plate does not match with the requirements, and should be verified about some manufacture imperfection.
CONCLUSIONS
This paper assesses the dynamic behavior of composite plates aiming to better identify the conditions after manufacturing. The experimental analysis shows clearly the variability on dynamic behavior for components manufactured with the same conditions, once the standard deviation for the natural frequency is about 4 to 8 Hz. A model update process using Kriging Metamodel was used to obtain the extreme values of the dynamic behavior. This metamodel allows a reduction of the computational time during the model update, approximately from 1 hour to 10 minutes when compared with a pure Finite Element Analysis-based model update (desktop computer, memory: 4Gb, processor: Intel i5). The envelope generated on the case presented shows the identification of the admissible components that have more than 70% of its FRF inner the envelope. Therefore, these results show that it is possible to identify components with the required specifications in terms of dynamic behavior. 
